Zusammenfassung
Summary
The role of imaging in the diagnosis and local staging of breast cancer is an important issue. Current guidelines recommend mammography for diagnosis of breast cancer, and ultrasound is often used as an additional imaging option. The usage of magnetic resonance imaging (MRI) is a controversial issue. The rationale for initial staging in breast cancer patients is the identification of gross evidence of metastatic disease that would influence further treatment strategies. However, so far, early detection of metastatic disease has had no relevant impact on patient survival. Follow-up examinations can help to detect early recurrences which are potentially curable but might impair quality of life. Disseminated tumor cells (DTCs) are an independent prognostic marker in breast cancer and a potential new staging tool. Detection of DTCs in bone marrow offers a wide spectrum of applications reaching from individual risk assessment to characterization of target antigen expression with consequent appropriate treatment choice. This review describes and discusses new aspects of these topics presented at the 10 th St. Gallen International Conference on 'Primary therapy of early breast cancer' 2007.
Local Staging of Breast Cancer with Mammography, Ultrasound, and MRI
The role of imaging in the diagnosis and local staging of breast cancer is still a pertinent and controversial issue. Current guidelines recommend mammography for diagnosing breast cancer, and ultrasound is often used as an additional imaging option. It has to be considered that the sensitivity of mammography is impaired by certain clinical circumstances, such as increased breast density or hyperplasia. Recently, a large trial investigated the role of digital versus conventional film mammography in the screening setting (DMIST trial) with regard to sensitivity for the detection of breast cancer in women with radiographically dense breasts [1] . Over 49,000 asymptomatic women presenting for screening mammography underwent both digital and film mammography. Breast cancer status was ascertained on the basis of a breast biopsy done within 15 months after study entry or a follow-up mammogram obtained at least 10 months after study entry. After a 2-year follow-up, the diagnostic accuracy of digital and film mammography for the whole screening population was similar (p = 0.18). Of clinical importance is that for women under the age of 50 (p = 0.002), women with heterogeneously dense or extremely dense breasts on mammography (p = 0.003), and premenopausal or perimenopausal women (p = 0.002), the accuracy of digital mammography was significantly higher. C. Kuhl, University of Bonn, emphasized in her presentation that digital mammography offers additional advantages over conventional imaging, such as computer-assisted diagnosis (CAD), dose reduction, and facilitated double reading. Furthermore, digital processing might in the future enhance mammographic diagnosis through new technological developments, such as tomosynthesis and contrast-enhanced digital mammography. However, the ACRIN trial revealed that mammography, be it digital or conventional, offers a sensitivity of less than 50% in the regular mass screening set. This figure is even further reduced to 35% in women under the age of 50, in premenopausal women, and in women with a breast density of > ACR2 [1] . Therefore, the diagnostic accuracy of ultrasound in dense breasts might be of clinical importance. Several studies investigated this issue in a screening setting with a total of over 38,000 women [2] [3] [4] . An analysis of all studies demonstrated a detection rate of 0.34 and a positive predictive value (PPV) of 14%. The Sydney Breast Imaging Accuracy Study investigated the age-specific sensitivity and specificity of breast ultrasound versus mammography in symptomatic women, e.g. in 480 women ranging in age from 25 to 55 years [5] . In an agematched control design of 240 diagnosed breast cancer patients and 240 women shown not to have cancer, this study revealed a positive imaging by both mammography and ultrasound in 62% of women. Mammography gave the only positive imaging result for breast cancer in 14% of all cancer cases and ultrasound in 20%. In conclusion, breast ultrasound is not a screening tool, but can help to detect mammographically occult additional cancers, with an average detection rate of 0.34 and a PPV of 14% which is comparable to PPV achieved with mammographic screening. These figures are superior to film screen mammography for assessing premenopausal women with symptoms. These data raise the question of the significance of magnetic resonance imaging (MRI) versus mammography and ultrasound for staging in breast cancer. Especially the aspects of exact tumor mapping, tumor focality/centricity and disease extent are of high importance in order to reach the internationally requested high rates of breast-conserving surgery. Several studies investigated the accuracy of MRI for breast cancer diagnosis [6] [7] [8] [9] . In summary, MRI identified additional breast cancers in 14-20% and offered the most accurate mapping of disease extent, which both had an important impact on the subsequent treatment management. Despite these intriguing data, there is an ongoing controversy regarding the use of MRI in staging of breast cancer. First, it is argued that recurrence rates are so low that additional cancers diagnosed by MRI may be sufficiently treated by radiotherapy or might be biologically irrelevant. However, a review of the literature shows an ipsilateral recurrence rate of 19% in patients treated with radiotherapy after breast conservation, and it should be stressed that residual cancer is the main reason for this effect, which is demonstrated by higher recurrence rates in lobular cancers, tumors with close or positive margins and extensive intraductal components [10] . The biological relevance of the additional detected breast cancers was demonstrated by comparative MRI studies which found additional G3 tumors in 35% [11] , featuring the same size and histology distribution compared with the index cancers diagnosed mammographically (unpublished, Braun et al.). Second, so far, not all data are generated from randomized controlled trials to document the impact on mortality and morbidity or to define subgroups who will profit from the usage of the method. It has to be pointed out that the use of diagnostic mammography was never tested in randomized trial designs either. Furthermore, data from a preoperative MRI study in 160 patients with histologically confirmed breast cancers and an update of the ACRIN trial, which will be published shortly in the New England Journal of Medicine (NEJM), revealed that the probability of detecting additional ipsilateral or contralateral breast cancers by MRI was independent of the histology of the index tumor (lobular vs. ductal), age, menopausal status or mammographic breast density [12] . Additional arguments of the opponents of MRI staging in breast cancer focus on economical issues with frequent false-positive findings and consecutive higher rates of biopsies resulting in high costs for the public health systems. Reviewing the available data, it should be emphasized that the overall specificity and false-positive rate appear to be equivalent in mammography and breast MRI with a mean specificity of 96.0 and 90.8%, respectively, with a superior sensitivity rate of 81.3% vs. 35.5% for breast MRI [13] [14] [15] [16] . Maybe the strongest argument against the usage for MRI in breast cancer staging is the fear of higher mastectomy rates, thereby annihilating the advantages of breast-conserving surgery achieved over the last decades. Obviously, this is true if old paradigms are applied to this new situation and established recommendations for mammographically detected multicentric disease are adopted. C. Kuhl 
Role of Baseline Staging and Follow-up
The rationale for initial staging is the identification of gross evidence of metastatic disease that would alter the further treatment strategy. However, E. Winer, Dana Faber Cancer Institute, pointed out that the relevance of knowing that a patient has minimal evidence of metastatic disease is not known. First, imaging findings will require a histological confirmation, generally achieved by biopsies which may cause harm, and it is still unclear if a change in treatment strategies upon these findings will impact on patients' overall survival or quality of life. Second, diagnostic tests produce false-positive results, leading to additional non-invasive testing, subsequent biopsies, delays in adjuvant treatment and psychological stress for the patient. Available staging procedures in asymptomatic breast cancer patients include chest imaging (X-ray, computed tomography (CT)), hepatic/abdominal imaging (ultrasound, CT) and bone imaging (bone scan) as well as total body scans (positron emission tomography (PET), PET CT). Reviewing the existing data, chest radiography in primary breast cancer patients detected lung metastasis in 0.1% of stage I, 0.2% of stage II and 1.7% of stage III disease [17] . In concordance, liver ultrasound found occult metastasis in 0% of stage I, 0.4% of stage II and 2.0% of stage III disease, representing a total of 0.6% of all examined patients [17] . The role of CT scans in breast cancer staging, although replacing the conventional ultrasound and chest radiography in the US, is not scientifically evaluated, and pathological findings should be interpreted with caution. This is also true for pelvic CT which cannot be recommended as a standard baseline staging tool. One large study on 2,400 patients found 0.5% pelvic metastasis (13 patients) as sole manifestation leading to 204 additional radiological procedures and 50 subsequent surgical procedures [18] . Analysis of bone scans demonstrated an overall finding of 3.1% of bone metastases in 5,400 patients, with 0.5% in stage I, 2.4% in stage II, and 8.3% in stage III disease [17] . The upcoming modern PET scans are, like the CT scans, not sufficiently evaluated as a staging procedure in breast cancer. Carr et al. [19] presented an abstract at the ASCO meeting 2006 on 189 women who had PET scans performed prospectively at the time of breast cancer diagnosis. PET detected abnormalities in 42 women. 59 lesions in 33 women were considered suspicious. Only 6 truly positive women were identified, of whom 4 women had lesions seen already in standard imaging. Furthermore, 22 patients needed additional tests such as CT and MRI. Taking all these data into consideration, E. Winer recommended baseline staging for early breast cancer patients for stage III disease with larger tumors and any nodal involvement and 4 or more axillary lymph node metastases. Bone scans should already be performed in high risk stage II disease. Furthermore, staging studies are advised in the presence of any symptoms or laboratory abnormalities. The increasing knowledge about tumor biology, breast cancer subtypes and prognostic profiles will influence the decision to perform staging procedures on an individual level. Follow-up and surveillance measures after the diagnosis of breast cancer are questioned with regard to a benefit for prolonging survival or improving quality of life. However, with increasing cure rates and earlier detection, there is a growing need for short-and long-term follow-up of women with breast cancer including ductal carcinoma in situ (DCIS). The goals are to detect new breast primaries and locoregional recurrences in a curable stage, to address complications of past therapies and to provide psychological support and medical advice, to monitor ongoing therapy (e.g. extended endocrine therapies) and to diagnose advanced disease. The incidence of new primaries is approximately 0.5% per year, with an increased risk in gene mutation carriers and young people as well as patients with higher breast density [20] . Besides breast self-examination, clinical breast examination and mammography, MRI is an available option to detect new primaries. Mammography, however, has weak evidence when screening for secondary cancers. Individualized approaches instead of the routinely performed yearly mammography, e.g. new diagnostic studies (MRI) or preventive strategies in higher risk patients, should be considered. Follow-up is also important for patients after mastectomy. Especially young women with higher stages, vascular involvement and endocrine non-responsive disease are at high risk. Buchanan et al. [21] reported on the local recurrence rates in over 1,000 women after mastectomy. Predominantly, local recurrence was the first site of disease, and the majority of patients were and stayed free of distant recurrence. Furthermore, a recent meta-analysis underlined the importance of follow-up visits demonstrating that 47% of local recurrences after mastectomy were detected at routine visits when patients were asymptomatic [22] . So far, it is not known if an early diagnosis of locoregional recurrence will extend survival due to lead time and length time bias. But, a better local control given by earlier diagnosis is definitively beneficial with regard to quality of life. Therefore, risk-adapted follow-up strategies should be considered. The detection of distant metastasis is a major concern for patients. So far, the early detection of metastatic disease has not been shown to improve patient outcome [23] . However, so far, none of the randomized trials in this field included more sensitive imaging techniques and modern treatment modalities, such as trastuzumab, aromatase inhibitors or taxanes. With regard to quality of life, it has to be considered that surveillance might have a potential negative impact on the patients due to the discomfort of the screening procedures, increased anxiety in the period around the screening and additional procedures generated by false-positive results [24] . In summary, surveillance after diagnosis of breast cancer is an important measure to screen for secondary primaries and early local recurrences which are potentially curable. The significance of early detection of distant metastatic disease in breast cancer patients is unclear and a potential issue for further evaluation, particularly if new treatments are developed. Furthermore, physicians performing follow-up should be aware of the physical and psychological consequences of breast cancer and treatment side effects. Surveillance guidelines from the ASCO and the Organ Committee 'Mamma' of the working group Gynecological Oncology (AGO) are helpful tools for follow-up care physicians, but the frequency of visits might be individualized based on disease risk, complications of therapy, and needs of the patient. In general, visits every 6 months for 2-5 years followed by annual visits appear to be reasonable.
Disseminated Tumor Cells
The pooled analysis of Braun et al. [25] including 4,703 patients with a 10-year follow-up provided conclusive level-I evidence that the presence of disseminated tumor cells (DTCs) in bone marrow is a significant indicator of poor prognosis in breast cancer patients. These results were confirmed by Janni et al. [26] who performed bone marrow aspirations in 726 patients with primary breast cancer at the time of diagnosis and 32 months thereafter. All patients were recurrence-free, clinical follow-up was 55 months, and 16% of patients were DTCpositive. The presence of DTC in the follow-up aspiration was a associated with a response rate (RR) of 6.6 for overall survival in comparison to an RR of 2.9 for lymph node metastasis at the time of diagnosis. S. Braun, University of Innsbruck, addressed the question if DTCs are already a useful clinical tool in breast cancer management, especially for risk assessment, treatment planning of targeted therapies or monitoring treatment efficacy in future clinical trials. First, he demonstrated that DTCs present a malignancy-type genotype and are genetically as well as phenotypically different from the primary tumor. Only a minority of DTCs carries for example Her2 amplifications, and these amplifications are inconsistent compared to the primary tumor. This phenomenon represents important evidence that Her2 amplification either develops in DTCs after tumor cell spread or it is only present in a small clone within phenotypically different tumor cells. These observations, especially the discrepancy of Her2 expression in primary tumors vs. DTCs, stress the pertinent issue of failing to choose the correct targeted treatment options and underline the importance of optimized patient selection for targeted therapies. In this regard, tumor cell biology as determined by DTC analyses might help in the future to overcome this drawback. Another important application of DTC detection is the monitoring of therapeutic efficacy in the adjuvant setting. There is growing evidence for the ability of targeted antibody-based therapy, in contrast to polychemotherapy, to eliminate DTCs in the bone marrow. The next consecutive step will be the development of clinical trials for patients with a DTC persistence in the bone marrow after adjuvant therapy. These trials might investigate the benefit of secondary adjuvant treatment strategies. A first example for a trial design based on DTC detection is the Austrian-German-Norwegian Cooperative trial '@fame' which will analyze the effect of endocrine therapy in postmenopausal women with tumor cells in the bone marrow. In summary, the detection of DTCs in bone marrow offers the possibility to assess the individual risk of relapse and to determine treatment efficacy immediately or even during treatment, and allows the characterization of target antigen expression on the actual target cell with subsequent appropriate treatment choice. 
